Circadian clocks are important timekeepers of physiological processes. A new report shows that silencing the circadian clock specifically in steroid-producing cells of Drosophila disrupts development and causes lethality, and is more detrimental than having no clock at all.
sequences are known. Stop codons stick out as a sore thumb in DNA sequence because they disrupt the coding region in a way that is difficult to overlook or misinterpret, so these codes can be strongly inferred from DNA sequence. In contrast, a code where two amino acidencoding codons were altered would appear in DNA sequence to be slightly divergent, but not obviously translated by a different genetic code. But it is therefore possible, even likely, that non-canonical genetic codes involving switches between amino acids have been observed but escaped our detection.
Indeed, it was the stand-out nature of stop codons that first alerted Zahonova et al. to the presence of the new noncanonical codes in Blastocrithidia. But digging deeper they encountered something more interesting. The most frequent nuclear code change is UAR=Q (stop codons UAA and UAG to encode glutamine). Zahonova et al. found instead that UAR=E and that UGA=W (which is common in bacteria). With all three stop codons specifying an amino acid, what means 'stop'? The answer is that UAR codons do dual-duty, encoding glutamate, but also specifying stop [2] . How this actually works in the cell is a bit mystifying, but it hints at some level at a hidden context surrounding codons or stop codons that we do not yet totally understand. Indeed, independently of Zahonova et al., Swart et al. recently reported evidence for just such a contextdependent process linked to a similar genetic code change in a ciliate, where UAR=Q and UGA=W or stop, depending on the downstream sequence [5] . These codes are also exciting because they fulfill a central prediction of one of the models for how the genetic code evolves, the Ambiguous Intermediate model. This model posits that codons shift between two meanings through an intermediate where they have both meanings [6] . In contrast, the other major type of model posits that codons shift through an intermediate where they have neither meaning (e.g., where codons are lost entirely and reappear with a new meaning) [7] . While we must bear in mind that most non-canonical codes evolved independently from the others, and so may have evolved through different steps, it is nevertheless intriguing to have an extant nuclear genome with an ambiguous intermediate. Further study of how translation functions in Blastocrithidia will cast a unique light on how the code works, which will certainly be challenging since it is not only an uncultured symbiont, but also a trypanosome, a lineage which is notorious for re-writing the rule books of molecular biology and genomics [8] .
Even though the deep sea represents the largest area in the world, evolution of species from those environments remains largely unstudied. A series of recent papers indicate that combining molecular tools with biophysical models can help us resolve some of these deep mysteries.
Beyond the continental shelf and below 200 m in depth, the deep ocean represents about 65% of the Earth's surface [1] . This environment supports previously unsuspected levels of biodiversity, which have only recently started being assessed using direct observations and indirect genetic and computer-based methods. For example, observations using submarines or remote-operated vehicles have shed light on the distribution and biogeography of deep-sea invertebrates [2] . However, without sample collection, the scope of such modern devices are limited, particularly when it comes to investigating population structure and the adaptive potential of cryptic species.
Many disciplines have benefited tremendously from recent advances in computer science enabling interdisciplinary teams to address previously un-tackled questions. This is the case for biophysical modelling and genomics, which, when combined, allow researchers to test various hypotheses linked to the evolution of deep-sea species.
Biophysical models can describe the current flows of oceanic water masses forced by a number of abiotic parameters, such as wind or buoyancy fluxes. In addition, biotic parameters, such as pelagic larval duration or depth at which transport occurs, can be superimposed in the physical model. Thereby, these models allow researchers to recreate and predict the physical features of the oceans and infer how organisms interact within them. As these models integrate a particletracking calculation, they ultimately permit the study of large-scale circulation and pathways of water masses (e.g. [3] [4] [5] ). With increased computational power, tracking a large number of particles (even millions), representing biological entities, with higher accuracy is now possible. This is important because the starting point of a particle or organism in the current will define its speed and direction. The more particles that can be tracked from a location, the more information can be gained from the variation around a given oceanic area. For evolutionary biologists this is crucial, since they are interested in variation on which natural selection can act. High-resolution models can thus be used to understand and predict species evolution based on ocean conditions.
Published recently in Current Biology, Breusing et al. [6] sought to understand the evolution of deep-sea mussels (Bathymodiolus sp.) from the midAtlantic ridge (MAR). This species survives along hydrothermal vents, cold seeps and organic falls. Bathymodiolus sp. dominate the MAR vents' fauna and are found in distinct patchessometimes separated by up to several hundreds of kilometres ( Figure 1A ). These mussels are found in association with chemosynthetic bacteria, which ensure part or all of their carbon incorporation [7] .
Using high-resolution molecular markers, in this case single-nucleotide polymorphisms extracted from transcriptome analyses, the authors revealed gene flow among the mussel populations from various vents. Surprisingly, ocean models would not predict the dispersion of mussel larvae needed to link the vents and therefore maintain gene flow. Given that these mussels are reliant on access to thermal vent conditions due to their symbiotic interaction with bacteria, the authors suggest the existence of so-called 'phantom' vents which would serve as stepping stones to link the northern Atlantic deep-sea mussel populations ( Figure 1B) [6] .
Interestingly, the sole use of ocean models in this case would have likely led to different conclusions -namely, no gene flow occurs between vents. Scientists would have then extrapolated their results, arguing that isolated populations of mussels are at risk of effects of global change due to limited genetic influx. The addition of molecular markers, therefore, serves as complementary information to better resolve the population functioning of those deep-sea organisms and encourage the search for the phantom vents.
In recent years, a number of biophysical models have integrated genetic information in a framework often referred to as 'seascape genetics' [8] . The goal of this type of integration has mainly been to elucidate the genetic structure of the target species in terms of gene flow, its directionality and the barriers affecting it. This research field allows for predicting the resilience of populations to environmental change, as well-connected populations will more likely recover from a drastic change, whether in the short or long term [9, 10] .
A number of studies using seascape genetics have investigated population structure of marine species -european eels [11] , moon jellyfish [12] , tubeworms [13] , and neritid gastropod species [14] . All these examples, and others, revealed possible mating grounds, the existence of cryptic species and regionally confined populations, all of which would not have been possible using either the ocean or genetic methods alone.
The combination of genetic marker discovery through next-generation sequencing with high-resolution ocean models offers many new potential research avenues, and so the seascape framework will clearly continue to reveal novel aspects of the life history of marine species. The next steps will likely aim at investigating adaptive evolution in two different manners. Firstly, using ocean models, it is possible to identify the selection pressures linked to the evolution of specific life-history traits. Indeed, marine species optimize their spawning time and location to maximize larval survival in dynamic ocean conditions. They may also optimize spawning to avoid predation [15] or to guarantee dispersal into favourable habitats [16] . Once selective pressures underlying the evolution of specific life history strategies or traits have been identified, it will be possible to determine the genetic basis of those traits. Next-generation sequencing technologies enable the screening of entire genomes and can identify the gene(s) encoding relevant traits at a significantly lower price than in the past [17] . In the case of the deep-sea mussels, future research may be directed towards the identification of the genes underlying the symbiotic interactions with bacteria. The diversity of those genes and the structure can then be assessed and simulated into an ocean Dispatches model. Such an approach would enable the prediction of the evolution of symbiotic interactions through the estimate of dispersal of mussels and the genetic diversity they carry.
In conclusion, the article by Breusing et al. [6] should serve as a catalysing milestone to accentuate an interdisciplinary approach to study deep-sea organisms. While expeditions to collect specimens are a natural pre-requisite, the combination of genomics and ocean models will allow us to learn a tremendous amount from life in the abyss.
Mechanisms that keep track of time are essential for physiology and development. In higher organisms, including flies and mammals, steroid hormones are temporal signals that regulate developmental and physiological processes. In insects, the release of the steroid hormone ecdysone from the prothoracic gland -the major source of steroids -triggers metamorphosis [1, 2] . This process transforms the immature larva into a reproductively mature adult, akin to mammalian puberty. Environmental conditions, such as nutrition, temperature and daily cycles, have been known for many years to influence steroid production. An important goal has been to understand how these environmental signals are coordinated with steroid production to govern developmental timing. Important steps towards understanding how environmental parameters regulate steroid production have been made in
